In this work, an alternative method of coupling light into microstructured polymer fibers is presented. The solution consists in using a fiber taper fabricated with a CO 2 laser. The connection is formed by inserting a tapered silica tip into the holes of a microstructured polymer fiber. This alternative method is duly characterized and the feasibility of such fiber connection to enable the polymer fiber as a displacement sensor is also demonstrated.
Introduction
The interest in using polymer optical fibers (POFs) for telecommunications [1, 2] and sensors [3] [4] [5] [6] has grown in the last several years. These POFs possess different characteristics from silica fibers, such as their elastic properties [7] , which allow them to work in different environments.
POFs require different handling methods. In order to have a proper cut, the use of a hot blade [3] to cut the fiber, instead of commercially available fiber cleavers, is required.
Problems arise from the connectorization process of POFs. The connectorization process is seen as the best option. However, the core of the POFs are usually displaced from the center of the connector [8, 9] , compromising the efficiency of the technique. This is amplified by the concentricity of the core related to the fiber. Other connections can be made using a 3D translation platform together with matching gel [10] or by focusing the light using lenses [11] .
Microstructured optical fibers (MOFs) have been distinguished from standard optical fibers for their single material composition and the presence of holes surrounding the core. Depending on the hole geometry, these fibers can achieve single-mode operation at all wavelengths [12] . Their single polymer composition allows for the use of low-loss materials and provides advantages in the fabrication process over standard POF and silica fibers [13, 14] .
Optical fiber tapers are optical fibers that have been heated up and stretched in order to create a thin filament with a very small diameter. The focused CO 2 laser [15] and etching techniques [16] [17] [18] [19] , among other techniques for fabricating in-line tapers or tapered tips are available. Tapered and lensed fibers are good solutions for coupling light between optical fibers and waveguide devices, laser diodes, or photodiodes.
In this work, a fiber taper connection method for microstructured POFs (MPOFs) using silica fiber tapers is presented. A displacement sensor based on a "figure-eight" design was tested with the polymer fiber, determining the viability of this connection for sensing applications.
Materials and Methods
The MPOF used in this experiment is composed of poly (methyl methacrylate) (PMMA). A microscope image of the fiber is presented in Figure 1a . The fiber has an outer diameter with 215 µm, and a core diameter with 9 µm. The core is surrounded by a hexagonal shaped array of holes with a diameter, d, of 2.4 µm and with a separation between holes of 5.7 µm, Λ. The ratio value between d and Λ is 0.42, which corresponds to the limit region between single-mode operation and multimode operation. The fiber was fabricated in Maria Curie Sklodowska University using the preform drilling technique [14] . In this work, a fiber taper connection method for microstructured POFs (MPOFs) using silica fiber tapers is presented. A displacement sensor based on a "figure-eight" design was tested with the polymer fiber, determining the viability of this connection for sensing applications.
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The fiber connection method for the proposed MPOF is based on a tapered fiber tip. The tapered tip used in the experiment was fabricated using a CO2 laser technique [16] [17] [18] [19] . The CO2 laser is focused on the silica fiber, while the fiber is stretched with programmed moving platforms. The process decreases the diameter of the fiber forming a taper and eventually breaking it, creating a tapered tip. A micrograph of a CO2 laser fabricated tapered fiber tip is shown in Figure 3 . Several fiber tapers were fabricated with different diameters and tested as fiber connectors. In this experiment, the optimized taper was ~5 µm in diameter (tip) and ~250 µm in length (taper waist). 
Results

Connection
The fiber connection was made manually using the translation stage of a splice machine. No electric arc was used to form the connection, and the electrodes were removed to avoid destroying the MPOF with a discharge. The tapered tip was inserted into the MPOF holes, creating the connection, as seen in Figure 4a . Figure 4b shows the connection using a rough alignment near the core by means of an He-Ne laser source. Due to the elastic properties of the MPOF, the silica tapered tip can be easily inserted inside the MPOF without breaking it. The taper was placed inside the hole, close to the core, to ensure a good coupling between the taper and the polymeric fiber. However, high losses are expected due to the divergence angle at the tip and the off-axis coupling. It was observed that the hole was damaged if the fiber tips had diameters higher than the size of the holes. However, it does not affect the losses in the polymer fiber when it is illuminated by the taper. The first tests were performed using an He-Ne laser as a light source (see Figure 4b ) in order to ensure coupling of light into the MPOF. The light source was then changed to a supercontinuum source to obtain the spectral behavior of the connection. The output spectrum was acquired using an 
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Displacement Test
The MPOF was characterized as a displacement sensor while using the fiber tip connection. Figure 6 presents the setup used in the characterization. A "figure-eight" sensor was created for displacement, d, measurements, as defined in Figure 6 . Figure 6 also illustrates the sensing head mechanism. When a displacement in the d length occurs, the sensing head size s decreases and power loss is induced through the decrease of the loop radius. The sensor does not require an external mechanism to increase or decrease the bend radius. With the decrease in the displacement, the power of the transmitted signal drops. By tracking the power of the maximum near the 950 nm as a function of the displacement, the sensor was characterized. The output power as a function of the displacement d is depicted in Figure 7 . The sensor shows a very small sensitivity above 40 mm, but a higher sensitivity below 32 mm, namely 2.5 dBm/mm with a resolution of 0.4 mm. This proves that the fiber connection can be used while the sensors are characterized. 
Discussion
An alternative light coupling method for MPOFs was demonstrated. Light transmission was achieved by inserting a tapered silica fiber tip into the holes of an MPOF with a rough alignment. The connection has proven to have the capacity of being used in practical setups. The capacity and viability of the connection to enable sensing measurements while using an MPOF as a displacement sensor was demonstrate. Future work will be focused on decreasing the connection losses. Additionally, studying new geometries of the tapered tip could ensure an improved connection. 
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